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1620 

NODE NUMBERING PROGRAM 



Author: Lou J. Granato 
IBM Corporation 
631 Cooper Street 
Camden 2, 
New Jersey 



DECK KEY 



Program Deck 
Sample Data- 9 cards 



1620 Node Numbering 



Direct Inquiries to; Lou J. Granato 

IBM Corporation 
631 Cooper Street 
Camden 2, New Jersey 

Purpose /Description: Program accepts an arbitrarily numbered system 
of nodes and proceeds to number them correctly such that the network is 
consecutively numbered and satisfies the condition that each arrow tail 
node (I) is less than the corresponding arrow head node (J). 

Method: N/A 

Re strictions / Range : The network must have only one origin (start point) 
and one terminal (end point). Each node is assigned a four (4) digit num- 
ber in the range 0002 to 9998. Program can handle a maximum of 1500 
jobs (arrows). 

Equipment Spe c s : 1620 with 20K memory and 1622 Card Reader /Punch. 

Execution Time : A network with 374 jobs (arrows) will be renumbered 
in about 12 minutes which includes final Punch -out. 

Accuracy : N/A 

Source Language : SPS II 

Check-out Status : Several networks of various sizes have been run 
successfully to date. Largest network had about 600 jobs. 

COMMENTS 

This program and its documentation were written by an IBM 
employee. It was developed for a specific purpose and submitted 
for general distribution to interested parties in the hope that it 
might prove helpful to other members of the data processing 
community. The program and its documentation are essentially 
in the author's original form. IBM serves as the distribution 
agency in supplying this program. Questions concerning the 
use of the program should be directed to the author's attention. 
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This write-up is for the 1620 Node Numbering Program and can be 
considered Part I of the 1620 LESS Package. The I/O design is com- 
patible with Part II of the LESS package which is Critical Path Sche- 
duling. 

The program accepts an arbitrarily numbered system of nodes and pro- 
ceeds to number them correctly such that the network is consecutively 
numbered, starting with the initial node of 1, and satisfies the condi- 
tion that each arrow tail node (I) is less than the corresponding arrow 
head node (J). 



PROGRAM RESTRAINTS 



1. The network must have only one origin or initial start point. 
This node must be assigned the number 1. 

2. The network must have only one terminal or end point. This 
node must be assigned the number 9999 • 

3. With the exception of the start point and end point, numbers 
may be assigned at random to the other nodes in the network. 
However, no two nodes may be assigned the same number. 
Thus, each node is assigned a four digit number in the range 
0002 to 9998. 

4. The program can handle a maximum of 1500 jobs. 



Key to Notations 

1. IIII - Starting or generating node of a job, 

2. JJJJ - Ending node of a job. 

3. DDD - Duration of a job. 
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In order to explain the technique used in this program, consider 
the following: 



Take any node, say #6 in Example 1. This node can be 
reached in many ways: 



O or 1 job 

A, C, E or 3 jobs 

A, M, D f F or 4 jobs 

A, C f N, F or 4 jobs 

B, D, F or 3 jobs 

If we define the n distance M of a node from the origin ( node 1 ) as 
the maximum number of jobs by which the node can be reached, 
then node #6 is a "distance 11 of 4 from the origin. 



Further, from this definition, it can be seen that the distance from 
the origin of the head node (J) of any job (I, J) is at least one more 
than the distance of the tail node (I) of the corresponding job. Exam- 
ine job (4, 5). 

Therefore, by numbering all nodes of distance 1 before those of dis- 
tance 2, before those of distance 3 etc. , we can satisfy the condi- 
tion that I be less than J. 



L. 




EXAMPLE #1 
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In any network, there are various chains of jobs by which one can 



The list of chains would be as follows: 
CHAIN 

a) 14 6 9 

b) 1 4 6 8 9 

c) 1 4 2 10 8 9 

d) 1 2 10 8 9 

1 2 3 4 5 DISTANCE ALONG CHAIN 

Using our definition of "distance M , we can now construct the follow- 
ing table: 

NODE NUMBER NODE DISTANCE 



Rearrangement of the list to have the node distances in sequence 
produces the following: 




1 
2 
4 
6 
8 
9 
10 




2 
1 
2 
4 
5 
3 



NODE DISTANCE 



NODE NUMBER 




1 
2 
2 
3 
4 
5 



1 
4 
2 
6 
10 
8 
9 
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It should be noted here that within nodes of a given "distance" from 
the origin (such as nodes 2 and 6 in the previous example which are 
both of distance 2 from the origin) the choice of consecutive number- 
ing is immaterial since by the previous definition of "distance" any 
of these nodes cannot be connected by jobs. 

With this in mind, we can now number easily and our final list will 
appear thusly: 



NODE DISTANCE NODE NUMBER CORRECTED NODE NUMBER 




1 

2 
2 
3 
4 
5 



1 

4 
2 
6 
10 
8 
9 



1 

2 
3 
4 
5 
6 
7 
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INPUT DATA FOR SAMPLE PROBLEM 



JOB IDENTIFICATION 

B 
A 
E 
C 
D 
F 
G 
I 

H 



NODE NUMBERS 



1,2 
1.4 
2, 10 
4,2 
4,6 
6,8 
6,9 
8,9 
10,8 



EXAMPLE #3 



I |0 PO T 



B 00010002002 

A 00010004001 

E 00020010005 

C 00040002003 

D 00040006004 

F 00060008006 

G 00069999007 

I 00089999009 

H 00100008008 



i 1 







ft* 







<M<#OM*ao9*o>ao 
OO~«OOO0**O 

§§S§8§??§ 

00000000*4 

ooooooooo 
ooooooooo 



M -4 

o o 
o o 
m oj 
o o 
o o 
o o 

o o 
o o 
o o 



o o 
o o 

in 

o o 
o o 
o o 

m <n 
o o 
■o © 
© o 



o o 

* ^0 

o o 
o o 
o o 
eg + 
o © 
a o 
o o 



N ^ 00 

© o o 
© o o 

N *0 

8o o 

o o 

o o o 

o o o 
o o o 
o o o 



c 

12 



c 
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a. 

X o 



I— 



ooooooooo 
ooooooooo 

ooooooooo 
ooooooooo 
ooooooooo 

ooooooooo 
ooooooooo 
ooooooooo 
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COMPUTER > 3 
TECHNOLOGY 



The method used by the 1620 program assuming input data in proper 
sequence and using network #2, shown in Example #3, is as follows: 

Generate the "distance 11 1 list: Since the origin node number has been 
selected as 1, then "distance" 1 nodes will be generated only by jobs 
of the form (I, J). 

DISTANCE GENERATING NODE ENDING NODE 

1 1 2 

1 4 

This list shows that nodes 2 and 4 are the only nodes of "distance" 1 
from the origin. However, it can be seen from the network that node 
2 is not of "distance" 1 but of "distance" 2 from the origin. This fact 
will be shown later when node 2 appears as a higher "distance" node 
in the list. 

We now continue to "distance" 2 nodes, that is, all nodes that will be 
generated by nodes of "distance" 1, namely nodes 2 and 4. 

DISTANCE GENERATING NODE ENDING NODE 



1 1 2 

1 4 

2 2 10 

4 2 

4 6 



When job (4, 2) is listed, note that node 2 already had appeared pre- 
viously in the ENDING NODE column. This emphasizes the previous 
statement that although node 2 appeared in the "distance" 1 group, 
it would reappear again in a higher "distance" group. Since by defi- 
nition, "distance" is a maximum of several "distances", one need 
keep only the latest entry. With this idea, one can save many pro- 
gram steps as well as a substantial number of core storage positions. 



The complete list, using the above example, would appear as follows: 



DISTANCE GENERATING NODE ENDING NODE 



1 


1 






1 


4 


7 


7 






4 


2 




4 


6 


3 


10 


r 




2 


10 




6 






6 




4 


10 


8 




9 




5 


8 


9 




9 





The blank in the Ending Node column opposite Generating Node 9 mere- 
ly points out that node 9 is the end node and therefore can generate no 
additional nodes. When the Ending Node column has been exhausted, 
this implies no additional nodes can be generated. Therefore, the only 
thing left is to assign the Corrected Node Numbers. The final list will 
appear thusly: 

CORRECTED 

DISTANCE GENERATING NODE ENDING NODE NODE NUMBER 



1 


1 


X 






1 


4 


2 


2 


2 
4 


2 


3 




4 


6 


4 


3 


10 


X 






2 


10 


5 




6 








6 


'/ 




4 


10 
9 


8 


6 


5 


8 
9 


9 
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INPUT DATA 



Card Columns 1-25 



Alpha description 



26-29 
30-33 
34-36 
37-79 



nil 

JJJJ 
DDD 



Utilized at the descretion of the user 



The input cards must be sorted J within I, that is, sorted on card 
columns 33 through 26, Column 80 of the input cards must be blank 
except for the last card. The last card must have any digit, other 
than zero, punched in column 80, 



OUTPUT 

Card output will be similar to card input with card columns 26-33 con- 
taining the new IIII and JJJJ assigned by the program. The old IIII 
and JJJJ, depending on the setting of Console Switch #1, may or may 
not be punched in card columns 72-79. Information punched in all 
other columns of the input cards will be punched in the output cards 
so that these columns may be utilized at the option of the user. 



OPERATING INSTRUCTIONS 



1. Clear memory to zeros as follows; 

A. All console switches off 

B. Depress the Insert Key 

C. Type in 16 00010 00000 

D. Depress the Release Key, then the Start Key 

E. After approximately U5 seconds, depress the 
Instant Stop Key, the Release Key, and the Re- 
set Key in that order* 

2. Set Console Switches as follows: 

Parity Check Switch - STOP Position 
I/O Check Switch - STOP Position 
Overflow Switch - PROGRAM Position 

Console Switch #1 

a) OFF - Output with original IIII and JJJJ in 

card columns 72-79« 

b) ON - Output without original IIII and JJJJ 
Console Switch #2 - Not interrogated 

Console Switch #3 - Not interrogated 
Console Switch #4 - Not interrogated 

3. Place the Program Deck followed by the Data Deck into the 1622 
Read Hopper and depress the LOAD KEY. 

4. When the program has been loaded, it will immediately start 
reading the data cards. When the last data card has been fed, 
depress the START KEY on the 1622 Card Reader* 

5. When the last data card has been processed, the total number 
of jobs in the network will be typed out in the form: 

XXXX JOBS 



6. If no errors are found and the program has generated the new 
node numbers, the following message will appear: 

RELOAD DATA 

7. Ready the 1622 Punch side with blank cards. 

8. Place the Data Deck back into the Read Hopper and depress the 
Start Key on the Reader. 

9* When the last data card has been fed, depress the Start Key on 
the Card Reader. 



10. If there were no errors, the following message will be typed out 
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indicating the completion of the program: 



END OF PROGRAM 




11. Due to the nature of the program, it must be reloaded for each 
network processed. 



© 
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ERROR INDICATIONS 



ERROR 1: Sequence error has been found. That is, IIII is not in as- 
cending sequence* The following message will be typed: 

SEQUENCE ERROR, RELOAD PROGRAM AND 
RESTART 

RESTART PROCEDURE: Remove the cards from the stacker. The 
card out of sequence will be the second card from the 
back. Put the card in proper sequence and restart the 
program. 



ERROR 2: Cards with duplicate IIII and JJJJ have been found. This 
may be due to an error in punching or they may be exact 
duplicates. The following message will be typed: 

DUPLICATE JOB CARDS EXIST 

RESTART PROCEDURE: Remove the cards from the stacker. The 
duplicate cards will be the second (2nd) and third (3rd) 
cards from the back. If the. cards are merely exact 
duplicates, discard one of them and push the START KEY 
on the 1620 console. If there was an error in punching, 
correct the card, put it in proper sequence, reload the 
program and start again. 



ERROR 3: An attempt has been made to number a network that con- 
tains more than 1500 jobs. The following message will 
be typed: 

TOO MANY JOBS, PROGRAM CANNOT BE CON- 
TINUED 

RESTART PROCEDURE: Program cannot be continued with this net- 
work. 



ERROR 4: Job card has been found that has identical IIII and JJJJ 
on same card. The following message will be typed: 

ERROR, JOB CARD HAS SAME IIII AND JJJJ 
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RESTART PROCEDURE: Remove cards from the stacker. The 

error card will be the second card from the back. Cor 
rect the card, put in proper sequence, reload the pro- 
gram and start again. 



ERROR 5: A node, other than the terminal node, 9999, has been 

detected that has no job exit. The following will be typed: 

ERROR 5 XXXX 



Where XXXX is the detected node without a job exit, the 
following network shows this type of error. Job (10, 8) 
is in error. 




RESTART PROCEDURE: Program cannot be continued. Proper cor- 
rections should be made to the data deck and/or the arrow 
diagram before attempting to re -run the problem. 



ERROR 6: Somewhere within the network a "loop" has been found. 
Consider the following example: 




The above network represents a project that is impossible 
to complete since the loop 10-8,3 says that n you cannot 
start job (10, 8) until job (10, 8) is complete. M This rep- 
resents an error in arrow diagram logic. The following 
will be typed: 

ERROR 6 XXXX XXXX XXXX 
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Where XXXXXXXX represents the list of generating 

nodes among which are contained the nodes that make up 
the "loop". 

RESTART PROCEDURE: Same as for ERROR 5. 



ERROR 7: A node, other than the initial node 0001, has been detected 
that has no job predecessor. The following will be typed: 

XXXX ERROR 7 

XXXX is the detected node without a job predecessor. 
This error will be detected during the punching phase of 
the program. The following network shows this type of 
error. Job (6, 2} is in error. 
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25 



14000 



14000 


34 


00000 


00102 


1010 


14012 


36 


00001 


00500 


1015 


14024 


11 


00508 


0-001 


1020 


14036 


46 


14360 


01200 


1025 


14048 


32 


00026 


00000 


1035 


14060 


32 


00030 


00000 


1040 


14072 


24 


00029 


00033 


1041 


14084 


46 


14708 


01200 


1042 


14096 


24 


14059 


00029 


1045 


14108 


46 


14396 


01100 


1050 


14120 


46 
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01200 


1051 


14132 


26 


14707 


00033 
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14144 


26 
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15 


00034 


00000 
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43 
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11 
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1185 
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00449 
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2010 
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